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QUALITY FACTOR Q UNDER CONFINING PRESSURE; B. R. Tittmann, 

L. Ahlberg, and H. Nadler; Science Center, Rockv/ell International, 

1049 Camino Dos Rios, Thousand Oaks, CA 91360 

We have recently reported the discovery that small amounts of adsorbed 
volatiles can have a profound effect on the Q of rocks and other porous 
media (1). We have obtained room temperature Q values in excess of several 
thousand in lunar sample 70215,85 and in strongly outgassed analogs of lunar 
basalt. The effect is reversible in that re-exposure to laboratory atmos- 
phere restores the Q to its original low value of Q « 100 (2). Experiments 
carried out v/ith a low-strain, low-frequency apparatus at 50 Hz show similar 
increases of Q with outgassing, thus providing evidence that these changes 
in Q can be expected to be important at seismic frequencies. These results 
help explain the contrast between seismic data in the lunar and terrestrial 
near-surface regions in terms of the absence and presence, respectively, of 
adsorbed H 2 O. 

To aid in the interpretation of seismic data obtained below the lunar 
surface (3,4) we report here on measurements under confining pressures with 
the sample encapsulated under hard vacuum. Since partial crack closure would 
be expected to occur already at low pressures as evidenced by the well-known 
and dramatic increases in velocity with increasing pressure in the 0.5 kbar 
range - see, for example, ref. (5) - we have been concentrating our Q 
measurements in this range. In these experiments we have been able to achieve 
a Q value just under 2000 at 0.5 kbar for a terrestrial analog of lunar 
basalt. We have also found that in contrast to the modulus which increases 
by as much as 10%, the quality factor Q shows little or no change with 
pressure^ i.e., a well -outgassed sample maintains a high Q, whereas one 
exposed to laboratory atmosphere maintains a low Q. This result suggests 
that the absence of volatiles plays an important role in determining the Q 
factor even at a depth of 10 km below the lunar surface. 

In the experiments, we have been using samples of fine-grained basalt 
with about 1.0% open-pore porosity from an exposed dike in the Santa Monica 
Mountains in Southern California, In the sample preparation v/e have found 
the follov/ing procedure most useful. After initial saw cuts, the samples 
are gently ground into round cylinders 12.7 cm long, 1.0 cm radius. After 
thorough cleaning and outgassing described previously (6), they are then 
inserted into 4 mil v/all seamless Cu tubing which is first heated so that 
upon cooling it shrinks down tightly against the rock. The sheathed samples 
and their end caps are then outgassed as before and mounted under dry He gas 
in the welding chamber where they are held at 1 x 10"5 torr for 12 hours. 

At this point an electron beam is applied to seal the seam betv/een the tube 
and the end cap. Repeated exposure of the samples so prepared to confining 
pressures show no deleterious effects on the seam and no anamolous decreases 
in velocity due to leaks in the sheath, so that the vacuum inside the capsule 
appears to be maintained intact. In order to lower the operating frequency 
of the encapsulated sample as much as conveniently .possible, the sample is 
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end-loaded by using a solid Cu plug for the end-cap. In this v/ay, the 
resonant frequency is lowered from the 10 kHz to the 1 kHz range. The 
resonant vibration is now analyzed in terms of a composite oscillator and 
the modulus is calculatf>d from the observed resonant frequency of the 
composite oscillator ana the known or measured moduli and densities of the 
unclad rock and Cu plugs. 

Experimental Results . The ideal way to make a quantitative comparison 
between a thoroughly ougtassed sample and a sample exposed to the atmosphere 
is to make the measurements on the same sample under the two different 
conditions. Although this appears difficult because of the vacuum encapsula- 
tion process, we have found the follovnng approach useful. Vie first encap- 
sulate the sample in the outgassed state as described above, and proceed with 
the pressure runs. Then the Cu end-caps are drilled, tapped, and, after the 
sample is exposed for 48 hrs to laboratory air, are fitted with tightly 
fitting Cu inserts which are threaded and bonded into place. Upon hardening 
of the bond, the sample is checked for leaks and the pressure runs are 
carried out. 

Figure 1 gives an example of one of several experiments carried out for 
the sample in torsional resonance and is typical for the pressure dependence 
of the Q-factor in both the “outgassed" and "laboratory air exposed" states. 
After initial gentle rises in Q v/ith pressure, the curves are seen to level 
off (with slightly lower Q at the higher pressures). This behavior is 
completely di'''ferent from the pressure dependence of the shear modulus which 
in a characteristic manner shows a dramatic rise with pressure of up to 10^ 
over the same range of pressures. This result suggests that the partial 
closing of cracks does not affect the Q nearly as strongly as it does the 
stiffness of the rock and that adsorbed HgO is still likely to play a role 
in determining the Q even at some depth below the surface. The highest Q 
achieved in these runs was Q«1800, which is nearly the same as the high 
Q values previously achieved with well outgassed, unclad terrestrial analogs 
at zero confining pressure. 
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